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INTRODUCTION 
During and following irradiation therapy for so 
serious a disease as carcinoma of the cervix, which in 
about three-fourths of the cases has advanced to stage 
III or IV prior to the administration of therapy, a 
rather large number of complications may be expected 
to develop. Some of these complications are attribut­
able to the continued extension of the disease. Oth­
ers are attributable to carrying irradiation therapy 
beyond the tolerance of adjacent normal tissues. 
In this paper will be considered the complica­
tions which have occurred in the normal pelvic tissues. 
This study has been undertaken not with the intention 
of condemning the therapeutic radiologist, but with 
the aim of pointing out that certain complications in 
nor�al pelvic tissues do occur as the result of irradi­
ation therapy for carcinoma of the cervix and should 
be recognized as such, so that the radiotherapists may 
feel their way toward an ideal technic. 
The anatomical relationships of the uterine cer­
vix; the different and changing technics of irradia­
tion therapy; and the factors determining the degree 
of irradiation injury to tissues, as well as the gener­
al effects produced in the tis�ues, will all be briefly 
discussed prior to the consideration of sequelae which 
may occur in normal pelvic tissues. 
The sequelae will be discussed under the sub­
heading of the various structures involved. Though 
radiation sickness occurs following irradiation to any 
part of the body, it will al.so be considered. Too, 
early severe pelvic infection will be included, since 
it i s  usually due to the awakening and spread of pre­
existing pelvic infection as a result of trauma pro­
duced by the application of radium. 
' 
AIA'l'OKIO.AL CONSIDERATIONS 
rrom the standpoint of the irradiation treatment 
of carcinoma of the uterine cervix, it is of utmost 
importance that the therapeutic radiologist be thor­
oughly familiar with the anatomy of the uterus and 
its relationships to other nearby pelvic structures 
in order that he may be cognizant of the injuries 
which may occur to normal tissues if irradiation is 
administered in too large a dosage. 
The normal uterus is about ?.5 om. long, 5 om. 
broad, and 3.5 om. thick. It is anatomically divid­
ed into three portions: fundua, body, and neck. 'l'he 
fundus is above a line joining the two openings of 
the fallopian tubes at the cornua. The neck, or cer­
vix, includes a.s cm. of the lower portion of the ut­
erus and is eubd.ivide·d into the portio vaginal.is, 
that .Part protruding' into the vagina, and the portio 
supravaginalis, that part immediately above the va­
gina. Between the neck and the fundus is the body. 
The uterine cavity is small. The cervical canal opens 
into the vagina by the external os and into the uterus 
by the internal os. The canal is narrowed at both 
the external and the internal os. The uterus is most 
firmly fixed to the vagina, and its upper portion is 
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most movable. It lies between the bladder anteriorly 
and intestines and rectum posteriorly. It is in con­
tact with the bladder, no intestines intervening. 
Normally, it inclines anteriorly. There a.re addition­
al attachments of' the uterus to the surrounding parts. 
The uterovesical fold ts an anterior reflection of' 
the peritoneum from the uterus at the level of the 
internal os to the bladder. Posteriorly, the perito­
neum descends from the uterus over the posterior sur­
face of the upper portion of the vagina for 1 or 2 
om. and thence onto the rectum., forming the rectovag­
inal fold. Three ligaments are on each side of the 
uterus. The broad ligament is the largest and moat 
important, forming a diaphragm which extends from one 
side of the pelvis directly a.cross to the other side 
of the pelvis. The pelvic attachments a.re very wide.
Between the layers of the broad ligament are found 
the fallopian tubes, ovarian and uterine veseels,
lymphatics, ureters, and round ligaments • 
. The vagina is about 7.5 cm. long. At the vulva.r 
onset, the lumen is sma.11 and in the mid a.nd deep por­
tions, the lumen is large. Its capacity for dilata­
tion is limited by the bony pelvic walls. Anterior�y, 
its upper portion is in relation with the bladder and 
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its lower portion is in relation with the urethra. 
Posteriorly, its upper l or 2 om. is in front of the 
peritoneum and the rectum lies just below. Thus, the 
upper end of the vagina surrounds the vaginal portion 
of the cervix and forms the anterior, posterior, and 
lateral fornices, the attachment extending higher up 
on the posterior than on the anterior wall of the 
of the uterus. Laterally, the ureters are close to 
the vagina and about half way up, they empty into the 
bladder. 
The pelvic portion of the ureter follows the 
pelvic Wall downward just posterior to the ovary. 
Near the floor of the pelvis, it bends forward to 
pass through the base of the broad ligament (parame­
trium). It lies approximately 1.5 to 2 cm. outside 
the cervix and inclines inward and forward along the 
sides of the anterior vaginal wall to enter the blad.­
der. 
The uterine artery is a branch of the internal 
iliac artery. It passes almost horizontally inward 
toward the lower portion of the cervix. As it ap­
proaches the cervix, it gives off a cervico-vaginal 
branch which passes to the upper part of the vagina, 
inclines upward to the side of the uterus at its 
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junction with the vagina, and continues upward to·the 
cornu above. 
The cervix has three sets of lymphatics. One 
set passes outward and upward along the side of the 
pelvis, anterior to the ureter, to empty into the nodes 
along the iliac artery (iliac). Another set passes 
backward behind the ureter to empty into a node on the 
anterior division of the internal iliac artery (hypo­
gastric). The third set passes from the posterior sur­
face of the cervix almost directly backward in the ut­
erosacral ligament to empty into the lateral sacral 
nodes, high up in the hollow of the sacrum, and also 
to empty into the nodes of the promontory of the sa­




METHODS OF IRRADIATION THERAPY 
The progress of irradiation therapy of carcinoma 
of the cervix has been slow and orderly. Each period 
has shown an attempt to deliver a. maximum amount of 
irradiation to the cancer cells with a minimum effect 
on normal tissue. Individual radiotherapists have 
altered their methods frequently, and the methods of 
each have varied slightly. Today, the leading cancer 
therapists and gynecologists are still striving for 
the a-ame goal, and the methods of each, while showing 
variations in teohnio, embody the principle of ad.min?-/� c4 CA.e
istering a lethal dose of irradiation to theloerY1x, 
para.metrium, a.nd pelvic glands by means of roentgen 
rays de�ivered to the pelvis and adequately distrib�­
ted heavily filtered radium in the uterine canal and 
vaginal vault. (2) 
Since the details of treatment are not standard­
ized but vary with the individual radiotherapist, 
only general statements are within the scope of this 
presentation. Most :radiotherapists agree that the 
treatment should be individualized on the basis of 
the extent of the lesion and on the general. physical 
condition of the pa.tient and that a careful follow-up 
should be made of each case. Almost all authorities 
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decry preoperative treatment and are in accord with
the dictum, "once inoperable, always inoperable". 
Furthermore, in practically no clinic is treatment of 
carcinoma of the cervix carried out without both radi­
um and roentgen ray treatment of the primary lesion. 
There is no agreement, however, as to whether roent­
gen therapy should be administered before and/or 
after, or at the same time as radium therapy. 
lo uniform method of application of radium is 
used, although it is quite generally agreed that the 
protracted method of Regaud, of Paris, gives the bet­
ter results. This method is based on the purpose of
delivering a dose of rays to each generation of cells 
at that stage of cell division at which the cell is 
most radiosensitive. The object in all cases is to 
give a massive dose to the cervix and the tissues ad­
jacent to it, bearing in mind the danger to the blad­
der and rectum. The radium is usually applied in the 
uterine and cervical canal and to the cervix by means 
of a colpostat or bomb. The oolpostat probably de­
livers a greater dose to the para.metrium, and is es­
pecially desirable when the cervix is fOng and t!:­
brous, for in this type the cervix may be pushed to 
one side and not be irradiated evenly by a vaginal 
bomb. 
-9-
There is apparently no uniformity of opinion as 
to the dosage of radium necessary, or as to the meas­
urements of the exact amounts delivered. But all 
agree that the dosage must be estimated for the par­
ticular type of applicator used, and that the inverse 
square law must always be ta.ken into consideration, 
especially in the use of bombs, if different sizes
and types are used. It has been found that the cura­
tive penetration of the gamma rays, in amounts which 
may be safely used, is limited to about 3.5 cm., �d 
it is, therefore, of no avail to attempt to secure� 
deeper penetration in an effort to re�ch the parf,Lme­
tr1Wll by greatly increasing the amount of radium in 
the container. Filtration va.rles also in the indi­
vidual_ clinics, both in type a.nd in thickness� 
The roentgen therapy, as used in the various 
clinics, is as variable as radium therapy. However, 
most clinics apparently apply roentgen irradiation 
in protracted � 1�� �o�es, after the method
of Ooutard, of ..P&ri-e. 77
The total dose administered to each field is de­
termined by the erythema dose, which may be defined 
as a faint redness of the skin appear;lng one or two 
weeks after roentgen ray treatment, lasting about a 
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month and fading to a tanning, leaving no visible 
cutaneous changes other than the pigmentation. (3) 
The arrangement of the fields and other details are 
not standardized, but are subject to the experience 
of the individual roentgentherapist. In general, 
however, the size of the ports varies from 10 cm. x 
10 om. to 20 cm. x 20 cm.; and the number of ports 
used varies from� to 6, in most clinics, depending 
upon the size of the patient. Here, again, the fil­
tration varies from 0.5 mm. of Cu. to 2 mm. of Cu. 
and 1 mm. Al. The distance varies from 50 to 90 cm. 
The voltage varies from around 200 kv. to 800 kv., 
although the large percentage of cases of carcinoma 
of the cervix are treated with approxinately 200 to
400 kv. It is generally recognized that no field 
should be irradiated on successive days, but that 
each should be taken in turn. As a general rule, 
the daily dose over one area varies from 750 r to 
200 r, and if as many as 750 r daily is given, the 
t;., Ur:4 
dose usually is given over two/)t"eparate areas. The 
total dose per port apparently varies from approxi­
mately 1400 or 1500 r to 3000 or 4000 r given over a 
period of 21 to 40 days, respectively. 
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The different and changing technics followed by 
well-known radiotherapists are proof that the ideal 
method has not been deirised, and therefore efforts for 
improvement are being made constantly. The results of 
radiotherapy have shown steady improvement; and today, 
regardless of the method of treatment employed, roent­
gen and radium therapy of cases in all stages will re­
sult in an average five-year cure in about 25 to 30 
percent of the oases. Schmitz and Sheehan (4) even 
report 46.1 percent five-year cures in all oases, al­
though the total number of oases was only 26. 
In view of the fact that the oaroinoJQa. has ad­
vanced to stage III or IV in 65 to 70 percent of the 
patients before radiotherapy is administered, it is 
- . 
evident that hope of obtaining greater salvage rate is 
dependent upon increasing the dosage of irradiation to 
the parametrial tissues. Since Ward .(5) and others 
maintain that the curative penetration of the gamma 
rays in amounts which may be safely used is limited 
to about 3.5 om., it is indicated that other methods 
of increasing the dose of irradiation to the pa.rametri­
·a1 tissues must be used. Frazell(6) bas shown improve­
ment in results occurs as the dose of irradia tion at
the pelvic walls increases. In view of the foregoing
-12-
faots, radiotherapists are endeavoring to increase the 
dose to the parametrial tissues by three methods: 
higher voltage roentgen irradiation; interstitial radi­
um irradiation; intravaginal roentgen irradiation, us­
ing high voltage roentgen rays at 50 cm. or more dis� 
tance. 
The use of higher dosage of irradiation to the 
parametrium, however, also increases the amount of ir­
radiation administered to the adjacent normal tissues, 
often to a point beyond the tolerance of these tissues. 
As a result, irradiation injuries of various degrees 
may be dealt to the normal pelvic tissues. 
EFFECTS OF IRRADIATION ON NORMAL TISSUE 
Before discussing the various complications that 
may arise from over-irradiation of the normal pelvic 
tissues during the treatment of carcinoma of the cer­
vix, let us first consider some of the effects of 
roentgen and radium rays on tissue. Since the incep­
tion of irradiation therapy, it ha.s been known that 
all doses produce an injury to tissue and that the mag­
nitude of the injury dealt by the rays depends upon 
the magnitude of the dose absorbed and also upon the 
specific sensitivity of the tissue irradiated. 
As a result of the gradual accumulation of con­
trolled experimental evidence, the law of "specific 
sensitiveness" has been evolved. This may be briefly 
explained. Each kind of cell of which the normal human 
body is composed has a sensitiveness to radiant energy 
which is a peculiar and specific property of that cell 
and which is different from the sensitiveness of other 
kinds of cells. This law is a corollary of the basic 
law of Bergonie and Tribondeau which states tpat the 
sensitivity of cells to irradiation varies directly 
with the reproductive capacity of the cells and in­
versely with their degree of differentiation. These 
laws explain the fact that some cells react to a low 
-14-
dosage of irradiation, and that some cells are des­
troyed by doses which only injure or which may not ef­
fect other cells. It is now a known fact that lymphoid 
cells are the most sensitive and nerve tissue cells 
are the least sensitive to irradiation. It must be 
kept in mind, however, that this is a relative state­
ment; any kind of tissue, no matter what its inherent 
sensitiveness, can be injured by a dose of roentgen 
or radium irradiation,· if _the dosage is sufficiently 
high. 
It must also be remembered that the effect-of ir­
radiation on a given kind of normal tissue varies among· 
individuals. The exact reason for this phenomenon bas 
not been explained, although it bas been known for many 
years that the debilitated or cao.hectic patients do not 
tolerate irradiation treatment well, and that their 
powers of response are minimal, probably because of 
their tissues' power of recuperation or regeneration. 
It is a known fact that cancer cells are more sensi­
tive than are normal cells of the same tissue from 
which they are derived. levertheless, if much higher 
dosages are administered than are necessary to deatroJ 
the cancer cells, the normal cells may also be injur­
ed or even destroyed and various complications result.(!) 
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Colwell and Russ (7) made a comparative study of 
the action of roentgen rays on tissues as compared 
with the action of radium rays, and concluded that 
there was no essential difference. This was later 
borne out by the statement of MacKee and Andrews in 
1921 (8) when they stated: "There is no essential dif­
ference between the reactions caused by the agents". 
Colwell and Russ (9) describe the effect.of ir­
radiation on cells in general. The earliest changes 
produced by ionization within the cells from irradia­
tion cannot all be demonstrated by present histologic 
methods. A decrease in cell respiration, increase in 
. glyoolysis, changes in lipoids and enzymes, as well as
in hydrogen ion concentration, a disintegration of 
larger protein molecules into simpler products, and 
upsets in hereditary mechanism, are said to take 
place, though special cytological methods are requir­
ed for their demonstration. 
Although the essential mechanism of the effects 
of absorbed irradiation rays on the cell is well un­
derstood, the basic underlying reactions which.occur 
by means of which the growth of cells is inhibited or 
destroyed are still unknown. For the purpose of dis­
cussion, however, the main biologic effects of such 
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irradiation may be stated to be direct destruction of 
the nucleus of the individual cell, and to some extent, 
exertion of an indirect effect on the blood vessels 
which supply the tissue affected. These twin effects 
follow in the course of other inflammatory reactions 
and end with the formation of scar tissue. 
It is generally agreed that cells in a state of 
mitosis are more vulnerable to irradiation, but it is 
quite an error to suppose that the non-dividing nu­
cleus is unaffected by exposure to irradiation. In 
the living cell, changes are produced by irradiation, 
very markedly in the dividing nucleus, less markedly 
lut none the less decidedly in the so-called •resting 
nucleus". It is not claimed that the changes produc­
ed in the living cell are irreversible. The degree to 
which changes persist and the biological effects pro­
duced •111 depend upon the dosage and kind of tissue 
irradiated. There is much evidence that it is possi­
ble to overdose normal tissues during radiotherapy and 
to produce early secondary and often deleterious in­
flammatory reactions which nullify the primary (cura­
tive) effect of the treatment. Also, other injuries 
to normal tissue ma.y appear a considerable time aft.er 
a period of comparative quiescence. The duration of 
! 
•,: .• :.·:.- ,: .. 
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this latent period varies from six months to several 
ye are. This type of reaction is due mainly to a 
progressive obliterative endarteritis and lymphange­
itis set up by the irradiation, associated with f1-
brot1o changes in the connective tissue of the struc­
tures irradiated. (9) 
Therefore, it is evident that injuries to normal 
pelvic tissues, resuJ.ting from the administration of 
doses of irradiation beyond their tolerance, m,ay be 
divided into two general types: early or inflamma­
tory, late or fibrotio. The latter type may, •1th 
extreme obliterative endarteritis and lym.phange1t1s, 
progress to a state of necrosis and ulceration. 
IRRADIATION SEQUELAE. 
The frequency with which the various sequelae oc­
cur in normal pelvic tissues is difficult to evalu­
ate, since it is at times hard t'o differentiate them 
from those which are due to extension of the carcino-
ma. Also, the incidence of various sequelae varies 
among the several clinics. 
Ward (5, 10) made a survey of a large number of 
oases treated for carcinoma of the cervix a.nd found 
that such complications were numerous among these pa­
tients. Although most of the sequelae were of the 
early type and were of minor degree and transitory 
character, about one-third of these patients had late 
sequelae which were of a more serious nature. He al­
so found that each complication occurred in less than 
10 percent of the patients. 
In the following pages there will be discussed 
both early and late sequelae which, in various clinics, 
have been judged due to irradiation therapy of carci­
noma of the cervix. 
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Radiation Sickness 
Radiation sickness is one of the more frequent 
early complications which develop during or soon after 
the course of radiotherapy to any part of the body. 
The exact cause of this complication is unknown, al­
though many theories, too numerous to mention, have 
been propounded. To mention a few, Maliphant (11) 
and Ward (5) believe that the reaction is caused by 
an absorption of autolyti c and toxic protein substanc­
es liberated by the destruction of the cancer cells; 
the direct action of the rays upon the intestine is 
believed responsible in some oases, although various 
studies of the larg.e and small bowel have failed to 
support this theory (12). It is generally agreed,
however, that the symptoms are due to toxemia. 
As has been previously stated, the dose of irradi­
ation absorbed by the tissues, the general physical 
condition of the patient, and the individual sensitiv­
ity of the patient's tissues to irradiation a.re import­
ant factors governing the effect of irradiation on 
tissues. Therefore, they will determine the severity 
of this complication, as well as those to be mentioned 
later. For this reason, Ward (5) stresses the need of 
improving the physical condition of anemic and ca.cbect:lc 
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patients by the use of blood transfusions and other 
possible rehabilitating measures, prior to the admin­
istration of radiotherapy, in an attempt to reduce 
the severity of radiation sickness and other possible 
complication.a which might arise following irradiation. 
Also, it has been found tbat radiation sickness may be 
minimized if the intestinal and urinary tracts are 
,thoroughly evacuated prior to roentgen therapy (3). 
The mildest type of radiation sickness may be 
characterized by merely a sensation of lassitude, 
lasting a short time. Often, however, this particular 
symptom is accompanied by headache, loss of appetite, 
prostration of some degree, nausea, and often vomit­
ing. In a few oases, a very severe systemic reaction 
occurs and the patient deteriorates rapidly after ir­
radiation and dies within a few weeks following treat­
ment. At autopsy, these patients show massive necro- '?
sis and sloughing of pelvic tissues, with only small 
microscopic islands of the tumor remaining. (13) (14) 
In the more mild reactions, little need be done 
to relieve the symptoms, as they la.st but a few hours 
in the average case. Uore severe reactions, which 
produce nausea and vomiting and anorexia., will us�a.1-
ly respond to general medical treatment for an upset 
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stomach; and in very severe oases of prostration, the 
reactions have been treated b�ious measures, such
as the administrati�n of sugat, Vitamin B, liver ex-
f i 
tract, nieotinio acid, or suppositories containing 
pentobarbital. (3) (14) (15) 
Skin 
What might in the eyes of the patient constitute 
the greatest cause of worry and discomfort would be 
the skin reaction. It is generally conceded, however,
that actually the cutaneo\18 injuries are of a benign 
and transient character. Schmitz and Sheehan (4) 
found that the early reactions in the skin and mucosa 
consisted mainly of erythema. When heavier doses
were applied, such as 3000 r, a dry dermatitis and 
mucosit1e resulted. Using still heavier doses, dea­
quamation, wet dermatitis, and pseudodiphtheritic 
muoositis occurred. It was the finding that epila­
tion soon followed, and the entire process healed 
within 3 weeks. The final result was complete healing 
and recovery in 4 to 6 months. Concurrent 11'1th the 
opinion that skin reactions are relatively benign are 
Kurphy and 1!11:fford's ftndings (15). As they say, the 
-22-
use of divided dose technic, heavier filters, and the 
use of higher voltages allows the continuation of the 
treatment to a total dose that often produces exten­
sive skin changes but which usually results in com­
plete healing. Leddy (3) advocates the use of some 
bland lotion in those cases where heavy doses a.re be­
ing used, and urging the patient to avoid cutaneous 
irritation by the application of heat and exposure to 
trauma and sunlight. 
In a few instances, however, Murphy and Hufford 
(15) and Newell and Crossen (16) have observed perma­
nent late skin reactions, resulting in lymphatic sta­
sis and some thickening of the skin, and slight but 
not marked telangiectasia. 
Intestinal Tract 
Although high voltage roentgen irradiation is 
known to cause injury to the bowel, the weight of evi­
dence is in favor of radium being the chief factor 
causing these injuries. The majority of these com­
plications occur in the rectum, since it is the moat 
exposed portion of the intestinal tract to irradia­
tion. Irradiation injury to the bowel has been des­
cribed primarily as a.n injury to the mucous membrane, 
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but all coats may be involved. This injury generally 
occurs at fixed points, such as the rectum, sigmoid, 
and cecum, and also the small intestine when it is 
adherent (17). This is corroborated by others. (18)· 
White (19) classifies injuries to the bowel as
mild proctitis; more severe reaction With ulceration; 
and pseudocarcinoma, resulting from extrinsic injury 
to the perirectal tissues and secondary involvement 
of the rectum. 
Proctitis is a frequent early deTelopment and 
varies greatly, some developing it in the second week,
others not deTeloping it until the fourth week of 
treatment. The symptoms are frequent, watery stools 
which may be accompanied by rectal teneamus in some 
oases. These symptoms seldom last more than three or 
four days, and most .oases require no treatment. A 
bland diet, large doses of bismuth subtannate, sodi-
----- -�-
um or zinc sulfooarbolate, and finally pulverized ex-
tract of opium are recommended in cases with severe 
symptoms (15) (4). Occasion&l.ly, treatment must be 
stopped in extremely severe oases, and Edward (2) has 
found that seTere prootitis will be relieved by sa­
line enemas, emptying the large bowel, and then in­
stilling 2 ounces of 2 percent anesthesene in refined 
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cottonseed oil into the rectum as often as indicated. 
After the acute symptoms have subsided, the patient 
should be placed on nightly doses of mineral oil through 
convalescence. 
The late complications observed in the bowel are 
mainly rectal. Hemorrhage, ulceration, stricture, and 
vesicov&ginal fistulae�may occur. Of these, rectal ul­
ceration is the most common. rrom his clinical experi­
ence, Oosbie (14) is of the opinion that, although 
radium irradiation more often is the cause of proctit­
is, ulceration of the bowel is due to heavy high volt­
age therapy more than to radium therapy. lf'hi'.f;e (19) 
maintains that, although radium is responsible for the 
initial injury to the sigmoid and rectum, high volt­
age roentgenotherapy plays an important role in the 
production of the late injuries. 
Todd (20) and White (19) both wrote excellent 
descriptions of late ulcerations of the rectum. Todd 
divides the oond.1 tion into two types: intr·insic, 
which is primary chronic ulceration of the rectum; 
and extrinsic, which is characterized by massive peri­
rectal cellulitis and secondary ulceration of the rec­
twa. Intrinsic ulceration may be accompanied by pel­
vic and rectal pa.in, associated with tenesm.ua and 
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discharge of bloody mucus from the bowel. In the mild­
est cases, symptoms last only for a week or two; in 
the more severe, they may persist for a much longer pe­
riod of time. The extrinsic type may ulcerate into 
the vagina and ca.use fistulae, or ulcerate into the 
perireotal tissue to cause abscesses. Others have al­
so observed patients who have developed these compli­
cations. 
Diagnosis of rectal ulceration is made on the 
basis of clinical features, plus a history of previous 
irradiation, and it is confirmed, when necessary, by a 
biopsy. In many of Todd 1 s cases, the complication was 
· associated With local overdosage in the vaginal vault,
but no other co�on tactor could be recognized.
The histology of both the intrinsic and extrinsic 
types of lesions show vascular occlusion throughout. 
Thie is believed to be the vital factor concerned-­
the irradiation producing thrombosis in some of the 
smaller branches of the hemorrhoidal vessels, and the 
spread of this leading to the obliteration of the 
blood supply of the rectum in the junotion&l region 
and eventual infarction and mucoaal ulceration. 
If no perforation ocolirs following the ulcera­
tion, the ulcer may gradually heal up and leave intact 
�-'
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mucous membrane. Usually, however, the thickening 
due to fibrosis in the muscularis persists so as to 
reduce the caliber of the bowel and may even cause 
obstruction requiring surgical intervention. 
Injuries similar to those occurring in the rec­
tum have also been observed in the sigmoid colon and 
small intestine, when it was in the pelvis, although 
these injuries are less common than those occurring 
in the rectum (21). Jones (22) warns that it should 
be always kept in mind, therefore, that a patient 
who exhibits unusual abdominal sy�ptoms several months 
or even years following irradiation therapy, particu­
larly if they simulate intestinal obstruction, may 
have a benign complication. Stanton a.nd Jacox (83) 
reported one case with both benign stricture and pri­
mary adenocarcinoma. of the proximal sigmoid colon 
which appeared nine years following irradiation and 
presented a very difficult diagnostic problem. Parks 
(84) observed perforation of the intestine and subse­
quent peritonitis as a late complication following 
x-ray and radium irradiation, and stresses the import­
ance of reduc:ing the amount of radium placed in and 
about the cervix when the fornices are contracted. 
Distance screening is an important factor in at­
tempting to avoid rectum injuries to the bowel, as 
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well as to the bladder. In order to utilize the full 
possibility of obtaining distance protection from 
these structures, it is advocated that all vaginal ap­
plications of radium should be ma.de With the patient 
in the knee-chest position, and the vagina distended 
to its capacity with gauze. Also, the bladder should 
be kept collapsed by means of a self-retaining cathe­
ter during the radium therapy, and repeated check-up 
x-rays should be taken during the treatment to insure
that the position of the applicators remains constant. 
If slipping does occur, it is then recognized, and 
the radium can be removed befc,re damage has 'been done. 
As another precautionary meastll'e, the 21ps of the cer­
vix or a portion of the oarc1noma. may be sutured over 
the intra-uterine tube to prevent its slipping into 
the vagina. (20) (5) 
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Urinary Bladder 
Inasmuch as the bladder and the lesion being treat­
ed are anatomically situated closely together, injuries 
occurring in the bladder are of a similar nature to 
those occurring in the rectum. Olinioally, however, 
the immediate effects upon the bladder are less severe
than anticipated, due to the relatively greater resist­
ance of the bladder to irradiation tha.n that of the 
rectum. 
Oystitis is another of the more frequent early 
sequelae observed. Usually, however, it is transient 
in character and will promptly respond to irrigations, 
instillations, or other suitable therapeutic measures.
In rare instances, though, it may necessitate inter­
rup�ion of treatment. 
Frequent micturation and tenesmus may and usually 
does occur but lasts only a few days in most cases. 
It has been emphasized by Oosbie (14) and Ward (5), aa 
well as by others, that cystitis is much less frequent 
when a self-retaining catheter is used, keeping the 
bladder empty during the radium treatment. This com­
plication has been lessened also by careful packing 
off of the vaginal applicators W1 th gauze. It is 
maintained also that the avoidance of central high 
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voltage ports will prevent unnneceseary injury to the 
bladder and other neighboring structures. 
Schmitz and Sheehan (4), in reporting on this 
complication, state that in one series of oases a 
pseudodiphtheritic muoositis appeared in the bladder 
in patients receiving 800 kv. roentgen rays. They 
have not, howe�er, observed any latent reactions. 
The symptoms of frequent, burning urina�ion are due 
to the mucositis, as are the symptoms of proctitis. 
ror alleviation of these sy�ptoms, they administered 
1 sodium or lithium benzoate with codeine and tincture 
of belladonna. 
According to Colwell and Russ (9), three de­
grees of reaction may occur in the bladder. They may 
be designated as primary erythema; secondary erythema, 
or irradiation cystitis; and tertiary, or late reac­
tion. The primary reaction consists of bladder ul­
ceration and occurs at about 24 hours. Secondary 
cystitis is seen within 3 to 4 weeks after treatment. 
Frequency and dysuri& is accompanied by a feeling of 
dull burning pain in the region of the bladder. 
Oystosoopy reveals edema and deep red discoloration 
of the mucosa. Tertiary cystitis usually occurs .1 to 
2 years after treatment, although it may not present 
' .
_ _  ,; 
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itself before 4 to 9 years. There apparently is con­
siderable individual Yariation in tolerance to irradi­
ation therapy, inasmuch as many are treated with the 
same,t�chnie under e�actly the same conditions and 
while some patients develop no untoward reactions, 
others show latent reactions. 
The onset of tertiary cystitis is insidious, 
and a sensation of tightness in the pelvis may con­
stitute the first symptom. Dysuria appears and in­
creases with time. Blood, gritty deposits, and shreds 
of disintegrated tissues are passed. Oystoscopy in 
these cases reveals a glistening white mucosa, _fis­
sures, and poor blood supply. The posterior wall is 
scarred, fixed to the uterus, and telangieotatic 
ulceration may develop, as well as sloughing and 
fistula formation. The most probable explanation of 
the lesion is a trophic change due to obliterative 
changes in the blood vessels secondary to irradiation. 
Duvergey and Duvergey (25), reporting on late 
complications of irradiation of carcinoma of the cer­
vix, state that characteristically irradiation necro­
sis occurs long after treatment is given, usually 2 
to 5 years later. The clinical symptoms are intense 
polyuria, tenesmus, dysuria, pyuria, and hematuria. 
\,.. .... / 
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The symptoms often impart the impression that the re 
has been a recurrence with invasion of the bladder 
wall. Correct diagnosis is ma.de, of course, by bi­
opsy. The site of greatest bladder reaction is the 
trigone and bladder neck, and the reaction is due to 
intense trophic disturbance and infection. They con­
tend that because of an obliterating endarteritia, 
there is no vascular reaction to combat infection. 
Therefore, their treatment consists of disinfection 
of the bladder by means of daily antiseptic solu­
tions. Oystotomy may be necessary in severe cases 
of hemorrhage. Oomplete healing of the ulcer is.a
long process. Patience is therefore essential. 
All the foregoing is supported by other radiothera­
pists (16) (26) (27) (28). 
Ureter and Urethra 
There apparently is a difference of opinion as 
to the cause of ureteral. obstruction following radio­
therapy. Some men are of the opinion that it may be 
attributed directly to irradiation injury to the tis­
sues, while others maintain that it is due to the ex­
tension of the carcinoma. This sequelae occurs months 
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or years after irradiation therapy. As examples of 
this difference of opinion, only a few men will be 
cited. Bugbee (29) reported several cases of ureter­
al stenosis and found this complication is due to ex­
tension of the carcinoma, as shown by biopsies. On 
the other hand, Stevens (30) reports ureteral stric­
ture following irradiation of carcinoma of the cervix 
with radium, with biopsy failing to reveal any malig­
nant involvement of the ureter. Maliphant (11) ha.s 
also encountered oases due to the extension of the 
carcinoma, but states that in rare cases he has ob­
served benign stricture of the urethra as well as of 
the ureter. 
Following observation of a large number of oases, 
Ward (5) reports that the development of late upper 
urinary tract symptoms are generally due to ureteral 
obstruction, with resultant infection, hydronephrosis, 
pyonephroeis, or destruction of the kidney. The ure­
teral obstruction was demonstrated by catheterization 
and was usually found 4 om. from the orifice. Al­
though he acknowledges that invasion of the carcinoma 
into this region is frequently a cause, he believes 
the action of irradiation producing a proliferation of 
the connective tissue, With subsequent contraction, is 
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largely responsible f.or this complication. This is no 
doubt due to the proximity of the ureters to the sides 
of the cervix as they pass through the base of the 
broad ligaments. Therefore, before receiving irradi-
ation therapy, Ward stresses that all patients should 
have a complete urologio examination in order to prop­
erly evaluate irradiation damage. Everett (31), as 
well as others, has drawn particuJ.ar attention to the 
frequency of ureteral stricture in·patients and advo­
cates the importance of frequent urologic examinations 
and kidney function tests in patients prior to and 
following treatment. 
Cervix and Vagina 
rollowing irradiation, 11\lcositis. of the cervix is 
seen extending into the vaginal mucosa. As the tWllOr 
tissue sloughs off, an ulcerated area remains. Later, 
as the ulceration heals, cicatricial contraction of 
the cervical canal may occur to such a degree that 
drainage from the uterine cavity is impoasi 'ble and 
pyometra results. Vaginal adhesions always occur due 
to the intense reaction of irradiation on the vaginal 
mucosa. Due to this fibrosis, marked narrowing of the 
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vagina is seen in oases where the oarcinomatous involve­
ment has been extensive. Because of this fibrosis, fix­
ation of the pelvic structures often results and, in many 
cases, biopsy is required to determine whether residual 
tumor or recurrent disease is present (4) (27). rollow­
ing treatment, pyometra should be recognized and the 
cervical canal gently dilated to permit drainage of the 
uterus. A soft rubber drainage tube may be placed in 
the cervical canal as a drain whenever needed. By fre­
quent insertion of a speculum and examination of the 
cervix during treatment, the formation of vaginal ad­
hesions may be minimized. (2) (15) 
Another late complication which may occur in the 
vagina as a result of irradiation is the formation of 
rectoivaginal and vesicovaginal fistulae. As previously 
mentioned in the discussion of late bowel and bladder 
sequelae, these fistulae may result from irradiation 
injury to normal tissue in rare cases. Graves, lick­
ham and Nathanson (32) report cases of fistulae due 
to obliterative endarteritis and ischemic necrosis of 
the bladder base at an average of 4 years followtng 
irradiation, biopa.y s_howing no malignant involvement. 
S1m11�r cases were reported by Strachan (33). rtstu­






disintegration of carcinomatous tissue in the vaginal 
septa, and this course of action is often accelerated 
by injudicious irradiation. Cosbie (14) and Healy and 
Frazell (34) maintain that all fietulae are manifesta­
tions of extension of the carcinoma. Also, after a 
study of fractional roentgen technic on vaginal fietu­
lae, Smith (35) concluded that they are twice as com­
mon in the untreated as in the irradiated patients. 
,Urther, he claims that fistulae are prevented rather 
than caused by irradiation, and the divided therapeu­
tic dose of roentgen ray increases the incidence of 
fistulae only slightly, if at all. 
The previously mentioned measures for obtaining 
proper distance screening of the bladder and rectum 
are felt to safeguard against the development of these 
fistulae in most cases (20) (5). It is also interest­
ing to note that the frequency of reotovaginal and 
enterovaginal fistulae is greater in patients who have 
been irradiated for carcinoma of the cervix following 
supravaginaJ. hysterectomy. Although it is suggested 
that this is possibly due to the extension of the 
carcinoma, it may al.so be due to the fact that the 
bowel has become adherent to the oervtoal stump • 
. Therefore, it ts advised to reduce the amount of rad.1-
WD used 1n these oases. (20) (36) 
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Femoral Neck 
As a result of the use of higher voltage roentgen 
therapy for the treatment of carcinoma of the cervix, 
a new sequel& has recently appeared in the literature. 
In 1927, Baensch, of Leipsig, was the first to report 
a case of spontaneous fracture of the neck of the fe­
mur following roentgen therapy of carcinoma of the cer­
vix. This complication was reported in American lit­
erature for the first time in 1936 by Dalby, Jacox and 
Miller (37) who reported 14 oases. Since that time, 
the number of cases reported in the literature has in­
creased until, in a recent publication, Strauss and 
McGoldrick (38), after a thorough review of the lit­
erature, were able to collect reports on 56 cases, 4 
of which occurred in patients treated by them during 
the past 3 years. Also, Baker (39), in a recent publi­
cation, has reported a case which was not included in 
the above cases. Thus, a total of 57 cases of spon­
taneous fracture of the femoral neck have now been re­
ported. In eight of these cases, bilateral fractures 
occurred. 
The fractures occurred from several months.to 2 
years following treatment, and the demonstration of 




by pain in the hip radiating down the anterior aspect 
of the thigh to the knee. There was also noted pain 
on motion and weight bearing. The incidence of these 
fractures was found to be more than incidental in a 
series of cases reported by Dalby, Jacox and Killer 
(37). The incidence found in other clinics is more 
variable. Some men of experience have encountered no 
such cas·es or state that incidence is as low as l in 
1,000-2,000 cases. The average age of these patients 
has been about 57 years. 
Pathological studies bave been carried out in a 
number of the reported oases, and the find�ngs in 
the region of the fracture in each instance have been 
essentially the sames initial changes usually develop 
in the superior portion of the head of the femur close 
to the neck; obliteration and sclerosis of the blood 
vessels; narrowing and irregularity of the. trabeculae 
with an increase in the fatty marrow intermingled with 
necrotic debris; absorption of bone and widening of 
the marrow spaces; lack of new bone formation; no evi­
dence of metastasis at the site of the fracture. (37) 
(38) (40)
Strauss and McGoldrick (38) point out that, al­
though bone bas always been considered relatively 
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radioresistant due to the proximity of the femur to 
the surface, the depth dose to the bone in its vascu­
lar supply is practically the same as the surface 
dose. This must be remembered when evaluating the 
term •relative radiation resistance•. Since the vas­
cular supply of the femoral neck is terminal and vul­
nerable to post-irradiation vascular occlusion, doses
of roentgen irradiation, even in prolonged small di­
vided dosages, by their cwaulative action may produce 
. '
serious injlll'y even to an irradiation resistant struc­
ture like bone. They suggest that lateral ports are 
largely responsible for the accident, but it is inter­
esting to note that in the large series reported by 
Dalby, Jacox and Killer, no lateral ports were used. 
O.beai ty and severe trauma could not possibly have en­
tered into the cause of these fractures, and more bi­
lateral fractures will probably be seen in patients 
who live long enough for the pathological process to 
develop. 
Too few oases have been seen fo·r a standard treat­
ment to be established. Production of callous is un­
likely. Occasionally, however, a fibrous union de­
velops sufficiently to permit a partial return of 
function. The fact that, in a large number of the 
.I 
\ ... ./ 
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reported cases, the head has maintained its apparent 
normal calcium content would indicate that the use of 
internal fixation might give good end results (38) (39). 
Early Severe Pelvic Infection 
rever and infection have been· enoountered fre­
quently during or soon after radium therapy has been 
initiated and have caused much concern. This results 
either from introduction of infection at the time of· 
the application of radium or, as is more often the 
case, from the awakening and spread of pre-existing 
pelvic infection as a result of trauma, since all pa­
tients With advanced lesions are badly infected before 
treatments are started. IJlcessive pyrexta, severe
vaginitis, pyometritis, cellulttis, peritonitis, pel­
vic abscess, thrombophlebitis, and septicemia may de­
velop. 
After a study of routine aerobic and anaerobic 
cervical cultures taken from a large number of pati­
ents prior to the administration of irradiation thera­
py, Oosbie (14) reported that anaerobic streptocooci 
are more frequently present in the cervix and vagina 
than aerobic streptococci, but are not as pathogenic •. 
In the same study, Oosbie found that high voltage 
, 
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roentgen therapy preceding radium reduced the number 
of positive cultures. He therefore advocates a 
change in technic to the extent that high voltage 
roentgen therapy be given before radium in an attempt 
to minimize the danger of this serious early compli­
cation. This change in method is supported by many 
radiotherapists today, since septicemia is one of the 
most common causes of primary irradiation mortality 
( 2 ) ( 27) ( 41) • 
Prior to 1937, the management of serious infec­
tions consisted mainly of discontinuing the applica­
tions of radium, bed rest, hot saline douches, forced 
fluids, application of heat or cold to the pelvis, 
administration of acetylsalioylic acid and quinine 
to r'eduoe temperature and drainage of the uterus if 
pyometritis existed. When the temperature was run­
ning high and there was evidence of grave toxemia, 
intravenous glucose and saline solution and blood 
transfusions in small quantities were given (27) (42). 
Blood examinations and vaginal smears and cultures, 
along_ with other laboratory methods, served as valu­
able guides to further treatment. Wow, however, with 
the aid of sulfanilamide therapy, plus the above meas­
ures, the results of _treatment have been much improved 
(2) ( 42).
CONCLUSIONS 
1. The ideal technic for radiotherapy of carci­
noma of the cervix has not yet been devised. 
2. Complications may occur in normal pelvic tis­
sues even in relative radiation resistant structures, 
such as bone, subsequent to irradiation therapy of 
carcinoma of the cervix, if the therapy is ·carried 
beyond the tolerance· of these normal tissues. 
3. The degree of injury caused in normal tissues
by irradiation is dependent upon the specific sensi­
tivity of the tissues, as well as an apparent differ­
ence in the sensitivity of similar tissues in differ­
ent individuals, the general physical condition of 
the patient, and the dose of irradiation absorbed by 
the tissues. Therefore, the method of treatment must 
be individualized, bearing these factors in mind. 
4. The radiotherapists are constantly changing
their methods in an attempt to feel their- way toward 
the ideal technic. The complications which may occur 
in adjacent normal tissues subsequent to irradiation 
must be thoroughly appreciated and recognized in order 
to reach this goal. 
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